The superconducting state is described in terms of the electronic plasma in interaction with the electromagnetic potentials.
In this work an attempt is made to describe the phenomenon of superconductivity by representing the so-called "superconducting electrons" as a classical charged fluid.
It will be shown that the hydrodynamle equations describing the fluid are consistent with London's phenomenological equations.
Since as yet the behaviour of the specific heat of a superconducting metal below its transition temperature has not been satisfactorily explained, we shall try to describe this phenomenon in terms of the energies of the wave motions of the electric and magnetic field potentials. We shall begin our discussion by reviewing briefly some of the experimental facts associated with the phenomenon of superconductivity.
A The Experimental Facts.
In 1911» Kamerlingh Onnes discovered that at a certain very low temperature, T , the resistance of certain conductors dropped sharply to zero, indicating that no electric field could be maintained inside this 'superconductor'.
Kamerlingh Onnes further discovered that this phenomenon of superconductivity was destroyed by the application of a sufficiently strong magnetic field, H C (T).
Considering the superconductor to be a perfect conductor (infinite conductivity), then it follows from
Maxwell's equations that the magnetic field inside a superconductor is constant (B = 0). One would then expect that if a superconducting metal were placed in a magnetic field and then cooled below its transition temperature, that the magnetic field would be 'frozen in 1 .
It was found, however, The specific heat at constant volume in the normal state at low temperatures can be represented by
The T^ term, which is hereafter denoted by Cj,, is attributed to the lattice vibrations according to the well known Debye theory of specific heats. The linear term has been shown (3) to result from the application of Fermi-Dirac statistics to a free electron gas, and is hence usually referred to as the el normal electronic specific heat and is designated by C n .
It is generally found that at the transition temperature T c , where the change from normal to superconducting states takes place, the specific heat as a function of temperature is discontinuous (see Figure 1) .
It is seen from Figure 1 that the specific heat in the superconducting state, C s , is greater than the lattice contribution, CL, at all points, but not always greater than the normal electronic specific heat. Hence it is generally assumed that the lattice vibrations s t i l l contribute to the specific heat in the superconducting state, whereas the normally conducting electrons do not contribute.
Since the difference C gel cannot be accounted for by C n , this difference is called the superconducting specific heat, and is designated by C® It is beyond the scope of the present work to try to describe the mechanism which sets up the superconducting state, which is presumably due to the interaction of electrons among themselves and with the lattice ions. It will be assumed that this interaction leads to a rigid ground state for the electrons, i.e., most of the electrons must be in their lowest states, and the probability that they can rise to states of higher energy must be small.
In the following, the electronic description of the superconductor will be characterized by a system of continuous electric charges which interact with the electromagnetic field which they themselves produce. In other words, the electronic behaviour is characterized by a system of simultaneous differential equations consisting of Maxwell's equations and the classical hydrodynamic equations for a continuous fluid.
II THE LAGRANGIAN FORMULATION OF THE SUPERCONDUCTING STATE AND THE RESULTING EQUATIONS OF MOTION:
We shall try the following Lagrangian density:* where H is the magnetic field, E the electric field, (f) and A the electric and magnetic vector potentials respectively, i the dielectric constant, and v (defined by equation [ In addition we define the following:
The choice [2] We will now assume that the density of the fluid is almost constant and that variations in density are small, i.e., we assume that in the expansion jo ~jo +jo , the deviation is much smaller thanj> , and thatJD is constant. This assumption with the previous assumption that the positive lattice charge effectively cancels out the electric field due to the electrons, makes it reasonable to assume that <p , A, and , are small, so that second order terms in them can be neglected.
* This is shown to be true in Appendix A. We see from the above, that the solutions are constructed from four independent modes of oscillation:jo ,. , and the two components of A' which are orthogonal to its propagation vector K-^. jP has a fixed frequency, aja y given by [10] and an arbitrary propagation vector, K^.
( §> has a frequency, We could then imagine the following model. In the normal state, the conducting electrons are essentially free, as el
shown by the existence of C n . At some critical temperature the electrons, under the influence of the lattice ions, vibrate with some fixed frequency which is a sub-harmonic of the maximum lattice frequency, i.e. a sub-harmonic of the upper limit of the Debye spectrum of lattice frequencies. Let us assume that this plasma frequency is of order of magnitude kT c rJ 10"*"°to 10^". This frequency results in an extremely "~ET" large dielectric constant as was pointed out by Ginsburg (2).
For example, if we take the number of superconducting electrons per unit volume to be 5 x 10 , then from equation with black body radiation of given energy E. Hence, since the number of photons which can have energy between E and E+dE is proportional to p 2 dp, there are more photons with energy E when £ is large than when £.is small. In fact, the number of photons of given energy is proportional to £ Vl ". Because of the greatly increased number of photons present, a much greater expenditure of energy will be required to raise the energy of the superconductor. This means a larger specific heat in the superconducting state than in the normal state. This subject is treated quantitatively in the next section.
III SPECIFIC HEAT
From the solutions for the equations of motion given in Section II, we see that there are four independent modes of vibration in the superconductor. They are:
(1) the plasma oscillation, (2) the electric field potential, In thermal equilibrium, each of these modes will contribute separately to the total energy of the system. We will first
show that the contribution of the plasma oscillations to the specific heat of the system is negligible and then proceed to calculate the contribution of the other three modes of vibration.
(1) Plasma Contribution
It was shown in Section II that the density of the continuous charged fluid representing the superconducting electrons was of the form
We define the energy of such an oscillation as E Q = tuco 0 and the momentum as£=fc-C • Then the total energy per unit volume due to the plasma oscillation is where p omax is the maximum momentum associated with the plasma oscillations, k is Boltzmann's constant and T is the temperature. Because E Q Is independent of P q , the size of E Jtot will be determined entirely by E Q and P 0 max. Since we know nothing about the size of Pomax' ^he best we can do is to assume some upper limit for it. We will assume that Pomax
5 presumably it would be much smaller than this. We therefore have:
We will now assume for the sake of the following order of magnitude calculation, that p omax and E 0 are temperature independent.
In general, of course, they will not be independent of temperature, but taking this into account would not change the results obtained below by more than a small factor.
The contribution of the plasma oscillations to the specific heat is then where ?c = - §s . The expression y*" *L. is a monotonously fe T (e >c -») decreasing function, having its largest value (for positive x) at x = 0, at which point it is unity. It follows then that C v has its largest value when E Q «kT; i.e.,
Taking the number of superconducting electrons per unit volume, J , to be about 5 x 10 , we get:
Since measured values (1) of the specific heat in Niobium and 4
other superconducting metals are about 10 ergs/cc, we conclude that the contribution from the plasma oscillations to the specific heat is negligible.
(2) Electric Field Potential Contribution.
We saw in Section II that the electric field potential <|> could be expressed as Whether or not this is the correct interpretation of the high specific heat in superconducting metals can only be ascertained by an experiment determining the dielectric constant in superconductors.
* Ginsburg (2) mentions that an experiment has been performed by Galkin and Besugly which indicates that the dielectric constant of tin is about 5 x lo".
The author, however, has been unable to find the paper referred to by Ginsburg. and assuming that A and (f are small such that second order terms in them may be neglected, we find that in order to satisfy the zero order equations we must have fit = B( Using these coefficients, the equations of motion become-.
[5b] j+j'W-e-^v. 
